Purpose: In recent years, Circular Economy (CE) has come to prominence as an alternative to the classic approach of "make-use-dispose". How companies can exploit the opportunities of CE to position themselves better are not well articulated in literature. This paper therefore aims to identify the barriers and opportunities of CE in the manufacturing sector through a socio-political, economic, legal and environmental perspective.
Introduction
Growing environmental awareness, environmental legislation and the need for social responsibility has led manufacturing companies to look for new ways to do their business. There is a growing consensus that the only way forward with sustainable production and development is to switch from our current industrial "linear" model to a circular economy (CE), contributing to a more environmentally-responsible and socially-equal society. Gregson et al. (2015) confirms the assertion that CE has come to prominence as an alternative to the classic approach of "make-use-dispose" which is based on the circular flow of materials and energy. CE has the potential to pave the way for eliminating environmental waste in manufacturing and regaining used materials into the material flow by encouraging the use of renewable energy sources and new manufacturing methods to achieve sustainability (Ciani, Gambardella, and Pociovalisteanu, 2016; .
Although CE is considered as a new concept on economic development, its roots date back to 1960s. Firstly, in 1965 , Kenneth Boulding (1965 suggested that earth is a unique system similar to the space and to have a constant reproduction in the earth, there should be a cyclical ecological system. After that, two more concepts emerged in parallel to CE, which are Industrial Ecology (IE) and extended product life (Gregson et al., 2015) . To visualise, IE was revealed as a concept which was based on the formation of new analogies by taking material and energy flows into account. By this system, it is aimed to recycle residual wastes and by-products to create an industrial symbiosis and reach sustainable development. As a result, IE offers to minimise the use of virgin resources and promotes cleaner production technologies. On the other hand, extending product life refers to the prevention of waste generation and embedding sustainable production and consumption techniques (Andersen, 2007; Gregson et al., 2015) . These ideas and concepts paved the way for the emergence of the term, CE.
Later in 1990s, two British environmental economics Pearce and Turner (1990) presented the term CE for the first time in their book 'economics of natural resources and the environment'. They suggested that the traditional linear economy does not contribute to the recovery of materials and energy and turns the environment to a waste reservoir. They pointed out that matter and energy can only be preserved in a circular system. In this context, they proposed a closed-loop system which contains the circular flow of materials and energy and named the concept as CE (Su et al., 2103) . Rizos (2015) further note CE as an industrial economy that relies on the "restorative capacity of natural resources" (Bastein et al., 2013 ) and aims to minimise -if not eliminate -waste, utilise renewable sources of energy and phase out the use of harmful substances (Butterworth et al., 2013) . CE aims to protect the environment by using and reusing natural resources however, the successful uptake of CE among businesses and policy makers requires the identification of potential barriers, opportunities and benefits that could yield for businesses and economies. In the EU an estimated 6-12 % of all material consumption, including fossil fuels, is currently being avoided as a result of recycling, waste prevention and eco-design policies (EEA Report, 2016) . The report further highlights that the implementation of CE approaches in the manufacture of complex durable goods with medium lifespans is estimated to result in net material cost savings of USD 340-630 billion per year in the EU alone, roughly 12-23 % of current material input costs in these sectors (EMF, 2012) . For certain consumer goods (food, beverages, textiles and packaging) a global potential of USD 700 billion per year in material savings is estimated, that is, about 20 % of the material input costs in these sectors (EMF, 2013) . These statistics show the potential benefits of the CE implementation. CE also has the potential to create job opportunities. The European Commission estimates that CE activities will result in 178,000 new direct jobs by 2030 (EEA Report, 2016) .
It is evident from the previous discussions that although CE has been in existence for a while and poses numerous benefits, there is still a huge gap between its theory and implementation process. There are also many companies that have started to implement CE or that have intended to do so, however, they face several barriers in the implementation process of CE and often struggle to mitigate their effects. Many companies are also not well aware of the potential opportunities that CE presents (MacArthur, 2013) . A handful of researchers have attempted to identify the barriers, enablers, opportunities and benefits of CE (e.g. Geng and Doberstein, 2008; Bastein et al., 2013; Rizos et al. 2015; Rizos et al. 2016; Wijkman and Skånberg, 2017; Govindan & Hasanagic, 2018) . However, there is still a lack of literature presenting existing barriers and potential opportunities of CE, which can help companies to position themselves better (Masi et al. 2018 ). This paper, therefore, aims to fill this gap by identifying the barriers and opportunities of CE in the manufacturing sector from a socio-political, economic and environmental perspectives (Winans, Kendall, & Deng, 2017; Li & Yu, 2011) . Moreover, most studies are qualitative and case study based, thus limiting the generalisation beyond these studies. This presents an opportunity to fill the research gap by conducting an empirical study. This paper therefore aims to investigate the barriers and opportunities of CE in the manufacturing sector. Rest of the paper is organised as follows. Next section (section 2) presents a brief summary of the definitions of CE. This is followed by CE implementation levels in Section 3. Section 4 presents the opportunities of CE whereas section 5 presents the barriers to CE. Section 6 discusses the research methodology followed. The findings of the study are presented in Section 7 whereas Section 8 concludes this study by highlighting the limitations, implications and future research directions. This study adds to the limited empirical literature on CE and looks at the barriers and opportunities from socio-political, economic, environmental and legal lens, thus adding valuable contribution to the CE literature from the theoretical perspective.
Circular economy definitions
Over the years, a number of definitions of CE have been proposed. CE is based on the circular flow of material and energy and turns traditional linear take-make-dispose model to circular resource-product-regenerated resource model (Li et al., 2010) . In this way, CE aims to reduce the consumption of virgin resources, wastes and pollution generated and paves the way for resource recovery and efficiency (Hu et al., 2011) . Although CE has these benefits to the nature, it is an economic strategy instead of an environmental strategy. As the main objective, CE targets to ensure the sustainability and continuous development of the economy . To do this, it introduces more advance technologies, improves equipment and machinery, organises the structures of industries, strengthens managements and correspondingly formulates a sustainable eco-industrial system. In other words, whilst supporting the development of economies as the base of the concept, CE also takes into account the environment and contributes its sustainability. Recenly Kirchherr, Reike, & Hekkert (2017) after reviewing 114 CE definitions defined CE as "an economic system that is based on business models which replace the 'end-of-life' concept with reducing, alternatively reusing, recycling and recovering materials in production/distribution and consumption processes, thus operating at the micro level (products, companies, consumers), meso level (eco-industrial parks) and macro level (city, region, nation and beyond) , with the aim to accomplish sustainable development, which implies creating environmental quality, economic prosperity and social equity, to the benefit of current and future generations." Table 1 presents a summary of key definitions and a careful examination of the definitions shows that there are many similarities. While all of the definitions hold their respective meritsome more than others-and provide a good understanding of most of the basic principles that comprise CE, each of them seems to lack a few of the elements that would render them complete. Based on the review of definitions (See Table 1 ), CE can be defined as "an economic growth and development system which unifies economy with natural resources and environment". Definitions to the CE Reference A CE approach encourages the organisation of economic activities with feedback processes which mimic natural ecosystems through a process of 'natural resources → transformation' into manufactured products → by-products of manufacturing used as resources for other industries.
Geng, Y., & Doberstein, B. (2008).
The CE, which is a mode of economic development based on ecological circulation of natural materials, requires compliance with ecological laws and sound utilization of natural resources to achieve economic development. Zhijun, F., & Nailing, Y. (2007) CE represents a new economic growth model that operates in the way of resource extraction, production, consumption and regenerated resources.
Ness, D. (2008) CE is a strategy for decoupling economic growth from resource consumption, and hence secure continued economic growth without destroying the environment Dajian, Z. (2008) A CE is a mode of economic development that aims to protect the environment and prevent pollution, thereby facilitating sustainable economic development. Ma et al. (2014) The CE concept aims for circular flows of resources in the economy as opposed to the currently dominant linear flows from extraction through use to landfill disposal. Giurco, et al. (2014) CE is an industrial system that replaces the end-of-life concept with restoration, shifts towards the use of renewable energy, eliminates the use of toxic chemicals, which impair reuse and return to the biosphere, and aims for the elimination of waste though the superior design of materials, products, systems and business models.
MacArthur, E.
CE advocates that economy system should be constructed on base of material and energy flow and changes linear throughput flow to round put flow of matter and energy. Hu et al. (2011) The concept of CE broadly accepts that an economic growth and development system to integrate economy with resources and environmental factors is based on the material metabolism mode of ''resource-product-regenerated resource'', which incorporates a mechanism of efficient resource use and waste stream feedback, while its metabolism is compatible with the whole ecosystem. Li et al. (2010) CE advocates that economic systems can and should operate according to the materials and energy cycling principles that sustain natural systems, Zhu, Geng, & Lai (2011) .
CE is an important way to protect the environment and resources, and to achieve sustainable development; it can transform a traditional linear growing economy, which depends on resource consumption into an economy, which relies on the development of ecological resources circulation.
Wang et al.
In a CE the value of products and materials is maintained for as long as possible; waste and resource use are minimised, and resources are kept within the economy when a product has reached the end of its life, to be used again and again to create further value.
The CE represents an attempt to conceptualise the integration of economic activity and environmental wellbeing in a sustainable way.
Murray, Skene, & Haynes (2017) The CE is an economy designed for "self-regenerating": the bio-based materials are intended to fall into the biosphere, and the "technical" source materials are designed to operate within a flow that provides the minimum loss quality.
CE is defined as an economic paradigm where resources are kept in use as long as possible, with maximum value extracted from them. Nasir et al. (2017) CE aims to decouple prosperity from resource consumption, i.e., how can we consume goods and services and yet not depend on extraction of virgin resources and thus ensure closed loops that will prevent the eventual disposal of consumed goods in landfill sites. Sauvé, Bernard, & Sloan (2016) CE is designed to eliminate waste through cycles of assembly, use, disassembly and re-use, with virtually no leakages from the system in terms of disposal or even recycling, and replaces the habitual notion of a consumer, who owns things and destroys value, with that of a user. Spring & Araujo (2017) CE is an economic strategy that suggests innovative ways to transform the current predominantly linear system of consumption into a circular one, while achieving economic sustainability with much needed material savings.
Stahel (2016) The central theme of the CE concept is the valuation of materials within a closedlooped system with the aim to allow for natural resource use while reducing pollution or avoiding resource constraints and sustaining economic growth. Winans, Kendall, & Deng (2017) CE is one where the resources coming into the economy are not allowed to become waste or lose their value. Instead, this economy would recover those resources and keep them in productive use for as long as possible. .
Circular economy implementation
Unarguably, the implementation of CE holds various benefits for the environmental strategy of the implementer (McKinsey & Company, Inc., 2017) , while also promising a sound economic strategy to go along with it . The implementation of CE has several practical aspects. Yun Bi and Moriguichi (2006) and Zhijun & Nailing (2007) , citing the Chinese governments adoption towards a successful and effective implementation of a CE, highlight that horizontally CE includes industries, urban infrastructure, cultural environment and social consumption systems. When it comes to vertical implementation, CE consists of enterprises (micro), industrial parks (meso) as well as cities and regions (macro) levels.
To be able to successfully implement CE, the process should start from micro level with enterprises. Then, macro level should be embedded and then the process is concluded with implementation of macro level, since each level forms a basis for the following level and makes it possible to develop a sustainable economic growth and development. At the micro level, companies are promoted to adopt cleaner production (CP) and eco-design. CP is a concept which studies how pollution is generated and refers to the significance of efficient use of resources throughout the production processes (Su et al., 2013) . On the other hand, eco-design aims to create awareness against environment and its protection during the design stage of production and formation of the final product. It supports companies to build more efficient, sustainable and integrated production processes to minimise the pollution generated (Negny et al., 2012) . By benefiting from CP and ecodesign, companies form ecological industrial chains which consist of circular flows of materials and energy within themselves. Thus, they can restrict pollution, waste and toxic substance emission whilst boosting resource efficiency (Zhijun & Nailing, 2007) . Furthermore, the application of green labelling in public disclosure systems should be provided. To do this, local organisations should be established which monitors companies according to their levels of environmental protection. All businesses should be classified as green, blue, yellow, red and black from good to bad, in response to their performance. As a result of this classification, it becomes easier to identify and eliminate outdated technologies and decrease resource consumption and pollution generation. This is a crucial procedure since it enables to make companies to more environmentally friendly .
CE provides a circular flow of materials and energy and gives importance to higher utilisation of resources. To do this, it serves 3R (reduce-reuse-recycle) principles to set a course of action for companies. By starting its implementation from enterprise level and moving on industrial park and regional levels, CE offers a better future for companies, industries and societies. The next section discusses potential opportunities that CE creates.
Opportunities of Circular Economy
CE offers a variety of social and political opportunities. Basically, it strengthens the connection between the society and industry. By closing the loop, all participants within supply chains, included the public and companies, are required to have an extended collaboration (Geng et al., 2012; MacArthur, 2013b) . At the end-of-life of a product, it should be regained since the value chain does not end up with consumers anymore. This positioning results with a better alignment between businesses and customers (MacArthur, 2013b) . Thereby, companies can understand the needs and expectations of the public in a better way and manufacture products accordingly. In turn, they can satisfy their customers and attract many others.
Moreover, the implementation of CE has the potential to create many employment opportunities to local communities (Park et al., 2010; Geng et al., 2012; MacArthur, 2013b; . The development of recovery firms also bring investments and create many job opportunities to local people. CE also paves the way for the improvement of public health and environmental awareness (Geng et al., 2012; Park et al., 2010) . People become more conscious about hazardous materials and prefer more environmentally friendly and safe products. In addition, CE promotes rental models in all sectors (MacArthur, 2013b) , which help companies to collect insight information about customers, provide more customised and personalised products according to customers' requirements with cheaper prices. Thus, the social value is advanced and the quality of life is improved.
Politically, CE enables companies to operate in accordance with regulations (Park et al., 2010) . CE helps to create an organisational legitimacy and improve companies' environmental consciousness. Therefore, they are able to obey the requirements of laws and decrease the social pressure. CE helps also companies to save money and enhance their profitability. It enables to reduce the costs through sustainable supply chain and endof-life managements, lower input prices and minimising environmental penalties and waste generation (Park et al., 2010; Geng et al., 2012; MacArthur, 2013b) . By the help of the closed loop model of supply chains, companies can sell their wastes instead of disposing them and make additional profits. Therefore, wastes can be turned to raw materials for other companies, reducing their material costs and eliminating their price volatility. Besides, CE opens new markets for recycling and re-manufacturing. These new markets and new revenue channels boost the profits of existing firms and provide competitive advantage to them among their rivals (MacArthur, 2013b; Park et al., 2010; Geng et al., 2012) . In addition to companies, local governments and public can cut down their costs (MacArthur, 2013b) . Municipalities can make additional profits from the amount that they collect and sell them to recycling businesses. The public can benefit from CE as the amount that they are required to pay for waste disposal is minimised. As a result, a financially mutualist relationship can be formulated. (Geng et al. 2012; MacArthur, 2013b , Young, 2015 Reduction of the costs through sustainable supply chain and end-of-life management, lower input prices and minimizes environmental penalties and waste generation (Park et al.. 2010; Geng et al. 2012; MacArthur, 2013b) Environmentally friendly and green products save energy and natural resources and reduce the pollution generation (Zhu & Tian, 2016) Better alignment between businesses and customers (MacArthur, 2013b) Opening of new markets for recycling and remanufacturing (Young, 2015; MacArthur, 2013b; Park et al., 2010; Geng et al., 2012) Environmentally sound management practices provide organisational and supply chain resiliency (Park et al. 2010) Creation of new employment opportunities to local communities (Park et al., 2010; Geng et al. 2012; MacArthur, 2013b; Commission, 2017) New Markets and new revenue channels boost the profits of existing firms and provide competitive advantage to then among their rivals (Young, 2015; MacArthur, 2013b; Park et al., 2010; Geng et al., 2012) Avoidance of chemical fertilizers and soil amendments (Young, 2015; MacArthur, 2013b; Commission, 2017; Geng et al., 2012) Improvement of public health and environmental awareness (Geng et al. 2012; Park et al. 2010) Local governments make additional profits from the amount of waste collected by selling them to recycling businesses (MacArthur, 2013b) Reduction in the consumption of fossil fuel, the emission of greenhouse gases and toxic substances (Young, 2015; MacArthur, 2013b; Commission, 2017; Geng et al., 2012) CE enables companies to operate in accordance with regulations (Park et al. 2010) Developments in environmental sciences and technologies and emergence of new concepts such as ecodeign, eco-label, cleaner production (Geng & Doberstein, 2008; Liu & Bai, 2014) Promotion of rental models in all sectors which help companies to collect insight information about customers (MacArthur, 2013b) By the developments in environmental sciences and technologies, new concepts that aim at protecting nature have emerged, namely: eco-design, eco-label, cleaner production and life cycle assessment (Geng & Doberstein, 2008; Liu & Bai, 2014) . As a result, the amounts of environmentally friendly and green products, which have minimum negative effects on environment, have become more common and preferred. Those products save energy and natural resources and reduce pollution generation (Zhu & Tian, 2016) . Such environmentally sound management practices offer organisational and supply chain resilience and make it easier to penetrate into new markets and grow the business operations (Park et al., 2010) . CE also improves the utilisation of waste and waste streams advance the availability of materials enabling protection of natural resources, water, energy and minerals. Correspondingly, the productivity of materials is increased by rework and recycling, their life cycles are extended and the need for landfill sites are reduced (Geng et al., 2012; Park et al., 2010; MacArthur, 2013b) . Moreover, by the help of CE applications, the need for energy, chemical fertilisers and soil amendments are reduced. It results in a reduction of consumption of fossil fuels, the emission of greenhouse gases and toxic substances (MacArthur, 2013b; Geng et al., 2012) . Therefore, the effects of climate change can be mitigated through CE practices. Table 2 summarises key opportunities of CE identified from literature.
Barriers to Circular Economy
CE offers many opportunities, yet, the level of awareness of the public against CE is quite poor (Su et al., 2013; Naustdalslid, 2014; Winans et al., 2017) . Although in recent years governments and business around the globe have started CE activities, there still exists a lack of awareness of the term CE and its principles . For these reasons, an extensive public education needs to be provided via different channels. This could be potential achieved through advertisements on TVs, magazines, newspapers and billboards; government policies; development of new business models, etc. to present the opportunities of CE and encourage the society to take part as the public involvement is the key for the success of CE (Geng & Doberstein, 2008) . The human and institutional capabilities are generally poor, which limits the availability of public education. Because of the lack of qualified personnel on CE, institutions and governments cannot become successful enough to promote it to the society Su et al., 2013; Li & Yu, 2011) .
Research indicates that most people care more about the appearance of products whilst purchasing. They do not pay attention to their sustainability and environmental effects and prefer the one with a better look, instead of manufactured from scrap (Pomponi & Moncaster, 2017; Naustdalslid, 2014) . This reduces the demand of remanufactured products and low customer acceptance makes it difficult to maintain CE strategies. Moreover, to circulate the loops continuously, there should be a regular flow of materials so that old products and parts can be utilised in remanufacturing operations. To do this, companies make contracts with customers to limit their usage and ensure the return.
However, studies indicate that many people want to use their products beyond the contracts and are often reluctant to replace their old products (Park et al., 2010) . These circumstances result in the interruption of the smooth flow of materials and increase the waste creation, thus hindering CE activities.
On the other hand, government policies play significant roles for companies to shape their future steps. In most regions, there are fragmented regulatory systems. Governments and local authorities' responsibilities are not clear on the implementation of CE. This complex structure results on poor accountability of local governments and leads to the creation of an inadequate legal system, a fact supported in many studies Geng & Doberstein, 2008; Su et al., 2013; Li & Yu, 2011; Naustdalslid, 2014; Winans et al., 2017) . Therefore, necessary systematic laws and regulations on CE cannot be created. Poor enforcement ability of legislations due to fragmented system and correspondingly, lack of policy support make it difficult to apply CE by businesses. As a result, companies prefer to go for their existing strategies rather than taking risks, restricting the spread of CE. Besides, many governments lack of a sophisticated understanding of CE practices (Geng & Doberstein, 2008; Naustdalslid, 2014) . Since they are not completely aware of the benefits of CE, they remain incapable to take the lead, guide companies and make appropriate laws. Correspondingly, they cannot specify a clear vision, goals, objectives, targets and indicators (Pan et al., 2015) . Lack of sophisticated knowledge of policy makers on CE further prevents the formulation of standard systems for performance assessment, data collection, calculation and submission and punishment (Su et al., 2013) . Furthermore, taxes and charges specified by governments act as another barrier. Current tax regulations does not promote the implementation of CE in most regions, instead, they discourage companies due to its financial burden (Geng & Doberstein, 2008; Naustdalslid, 2014) .
There are many economic barriers to CE in the manufacturing sector. CE is a costly process and it requires a considerable amount of upfront investment (Liu & Bai, 2014) . However, it does not pay back instantly, instead, it has a long-term economic return. Having term limits imposed on managers leads to hesitation over investing on CE activities and results in investment in other business operations (Liu & Bai, 2014; Park et al., 2010) . The lack of financial support mechanisms and tax incentives built into the budgetary systems from banks and governments further cause companies to avoid the implementation of CE although they are willing to do (Geng & Doberstein, 2008; Liu & Bai, 2014; Su et al., 2013) . It is an expensive process and except from large companies, it is not possible to cope with it financially. Government support is a must to convert the existing linear economy model to the closed loop and it is governments' responsibility to create a convenient environment for the implementation of CE. CE also requires collaborative business models to have a regular flow of materials and satisfy customers. Yet, because of lack of reliable information (Su et al., 2013; Pomponi & Moncaster, 2017; Winans et al., 2017; Pan et al., 2015) and high cost of establishing eco-industrial chains (Liu & Bai, 2014) , companies cannot formulate a quicker feedback mechanism to adjust themselves. On the contrary, they take unsuitable actions which decline their profitability. Furthermore, high costs and uncertainties are embodied within CE can impact on companies financial conditions. These uncertainties cause companies to avoid remanufacturing processes due to the questions on its future sustainability and profitability. CE also faces several environmental barriers as there are not enough environmental management programs and facilities available both under government bodies and at academic institutions whereas the existing ones are rather dysfunctional (Govindan, and Hasanagic, 2018; Su et al., 2013; Geng & Doberstein, 2008) . The available incentives to promote greener activities and save water, energy and materials cannot measure up to the desired level (Geng et al., 2009; Su et al., 2013) . Many companies use old technology machinery and equipment since they are not financial strong enough to replace them with higher technology ones on their own. Hence, the level of energy consumption and pollution generation is much higher in those machinery and equipment which treats the environment wastes (Geng & Doberstein, 2008; Naustdalslid, 2014) . The landfilling and incineration activities lack adequate technologies (Gregson et al., 2015) . As a consequence, these activities cause huge environmental losses which cannot be reverted back. Additionally, scavenger and decomposer companies lack capacity to create new fields due to existing policies (Geng & Doberstein, 2008) . Many governments do not provide adequate subsidies and tax reductions to promote waste recovery. Ultimately, the amount of materials recovered remains incapable to meet the demand of companies in remanufacturing business and lead them to use virgin materials. These evidences show that there are many barriers to the successful CE implementation. Table 3 summarises key barriers identified from literature. The need for a considerable amount of upfront investment which has a long-term economic return (Liu & Bai, 2014) Lack of availability of environmental management programs and facilities both under governmental bodies and at academic institutions (Su et al., 2013; Geng & Doberstein, 2008; Yap, 2005) Lack of understanding of CE's principles Lack of financial support mechanisms and tax incentives (Geng & Doberstein, 2008; Liu & Bai, 2014; Xue et al., 2010; Su et al., 2013; Geng et al., 2009; Matthews et al., 2011) Lack of available incentives to promote greener activities and save water, energy, and materials (Geng et al., 2009; Su et al. 2013) Lack of Qualified personnel on CE (Xue et al., 2010; Yap, 2005; Su et al., 2013; Li & Yu, 2011) Lack of appropriate partners in supply chains Pomponi & Moncaster, 2017) Many of the areas performing landfilling and incineration activities are lack of adequate technologies (Pringle et al., 2016; Gregson et al., 2015) Low level of demand and acceptance of remanufactured products from public due to their appearance (Pomponi & Moncaster, 2017; Naustdalslid, 2014; Singh & Ordoñez, 2016; Zhu & Tian, 2016) High cost of establishing eco-industrial chains (Liu & Bai, 2014) Scavenger and decomposer companies are lack of capacity to create new fields (Geng & Doberstien, 2008) Reluctance to replace end-of-life products (Park et al., 2010) Informal sector recycling processes (Velis, 2015; Singh & Ordoñez, 2016; Winans et al., 2017) Waste resource management systems are generally low-tech and they limit the maximum utilisation of recovered materials (Li & Yu, 2011) Poor accountability of local governments and inadequate legal system Geng & Doberstien, 2008; Su et al., 2013; Li & Yu, 2011; Naustdalslid, 2014; Winans et al. 2017; Matthews et al., 2011) The need for a remarkable investment for advanced technology and the updating o facilities and equipment (Su et al., 2013) Lack of adequate technologies used in landfilling and incineration activities cause huge irrevocable environment losses (Pringle et al., 2016; Gregson et al., 2015) Lack of a standard system for performance assessment, data collection, calculation and submission and punishment (Su et al., 2013; Geng et al., 2012) High cost of material scrap directs firms to use cheaper virgin materials (Wübbeke & Heroth, 2014; Pomponi & Moncaster, 2017) Lack of a sophisticated understanding of CE practices from governments (Geng & Doberstien, 2008; Naustdalslid, 2014) There is a growing interest in CE in the UK and EU. The Biffaward programme, which was practiced between 1999 and 2008, can be considered as one of the starting points of CE in the UK (Hill, 2015) . Later the Waste and Resource Action Programme (WRAP) featured in 2013 as a CE strategy with similar targets with Biffaward programme (Skene & Murray, 2015) . The Ellen MacArthur Foundation was established with a sole aim to promote CE in 2009 (Hobson, 2016) . Since then a number of organisations across the UK, EU and rest of the world have successfully implemented CE strategy or are in process of CE implementation. In EU, European Commission has started to take actions to ensure the sustainability of the economy. The commission revealed the Sustainable Consumption and Production, and Sustainable Industrial Policy (SCP/SIP) Action Plan in 2008 with the purpose of advancing the environmental performance of products and promoting sustainable production technologies (Commission, 2012) . After that, in 2010, the Cradleto-cradle (C2C) network, which provides sustainable solutions, economic development opportunities and social well-being was created (McDonough & Braungart, 2002) . In 2015, European Commission prepared a CE package to encourage the change towards CE. These evidences show that CE has been at the focal point in the UK and EU.
Methodology
The study follows the positivism philosophical paradigm and adopts a deductive approach. A survey questionnaire was created for the collection of data. The first step involved a comprehensive review of the literature to identify barriers and opportunities among different industries and sizes of companies, and classifying them from sociopolitical, economic and environmental perspectives. An online survey questionnaire was designed based on the review of literature.
The questionnaire involved four sections (See Table 4 ). The first part of the survey involved demographic questions; second part of the survey was aimed to identify the basic knowledge and awareness of CE; third part was focused on seeking views on benefits and opportunities of CE; final section aimed to identify the barriers to CE. The survey was distributed using the Qualtrics platform to more than 200+ manufacturing companies identified through FAME database (Fame is a database of companies in the UK and Ireland) as well as the social networking platform 'LinkedIn'. Although the questionnaire reached to sufficient number of potential participants, only 80 people responded to the questionnaire over the period of two weeks, representing a response rate of around 40%. After carefully screening the survey responses, only 63 usable responses formed the final sample size for this study as some users did not complete all questions, thus representing an effective response rate of 32%. The response rate of the study was between 30 to 35 percent, which is perceived by Cohen et al. (2007) and Watt et al. (2002) as acceptable. They survey response rate is higher than various studies (Bhasin, 2012; Belekoukias, Garza-Reyes, & Kumar, 2014) , which have reported less than 25% response rate. The survey was mainly directed to companies in manufacturing sector. The participants mainly comprised supply chain managers or senior executives, since they are the ones who have the most critical roles in the implementation of CE in their organisations. The data was then analysed using SPSS. Due to the exploratory nature of the research findings, these were presented using descriptive analysis. 
Benefits of the Circular Economy

Q1
What is the level of awareness about the benefits of the circular economy within your organisation?
Q2 Which of the following benefits you are expected to achieve by the circular economy? Q3 What factors promote your intention to implement the circular economy? Q4 By the implementation of the circular economy, which social benefits do you wait for? Q5 By the implementation of the circular economy, which economic benefits do you wait for? Q6 By the implementation of the circular economy, which environmental benefits do you wait for? Q7 By the implementation of the circular economy, which technological benefits do you wait for? Q8 Which of the legislative benefits you are expected to achieve by the circular economy? Q9 What drivers attract you to implement the circular economy?
Barriers to the Circular Economy
Q1
What are the external barriers that your organisation has faced or would potentially face while implementing the circular economy?
Q2 What prevents you to implement the circular economy? Q3 What is the main social barriers for you against the implementation of the circular economy? Q4 Which is the main economic barrier inhibiting the implementation of the circular economy? Q5 Which is the main environmental barrier inhibiting the implementation of the circular economy? Q6 What is the main technological barrier inhibiting the implementation of the circular economy? Q7 What is the main institutional barrier inhibiting the implementation of the circular economy?
Findings and Discussion
The survey resulted in 63 valid responses from manufacturing organisations operating in the UK or EU. The first set of questions was focused on demography of the survey participants. The survey resulted in response from 50% respondents who were supply chain managers and executive, 22% were engineers, 20% sales or human resources and whereas 8% respondents did not reveal their position in the organisation. Around 60% respondents were from the UK manufacturing organisation (41% England, 9.5% Scotland, 6.5% Northern Ireland, and 3% Wales) whereas 16% respondents were from the European Union and 24% respondents decided not to reveal the location of their organisations. Majority of the respondents from the automotive industry (22%), followed by metal processing (20%), paper & paper products (19%), electronics and electrical products (14%), textile& leather products (11%), rubber & plastic products (9%) and rest 5% from other industries. Around 65% organisations were SMEs whereas rest 35% were large businesses.
The next set of questions was aimed to identify the level of awareness towards the CE concept. When asked whether they have heard this term before, around 35.9% of participants have chosen the alternative 'No, I have not heard of it' while the remaining 64.1% have stated that they have some basic knowledge on CE. This is in line with the same low level of awareness shown by the general public in Tianjin, China (Liu et al., 2009) , showing that there is generally still a lack of sufficient awareness around the CE. However, the low awareness level shown in the private sector in the UK and UE as well as that shown in Tiajin, China, opposes that high level of awareness by municipal and country Chinese level officials (Xue et al., 2010) . This suggests that awareness programmes formulated and deployed by the Chinese government can be studied and may be adapted to be implemented in UK and EU manufacturing organisations. The other question further probed their understanding of the CE concept, 3Rs (Reduce -ReuseRecycle) and their current implementation status. The responses show the low level of awareness among the respondents (only 29% knew about 3Rs).
The next set of questions was focused on the opportunities of CE. When asked about the benefits and opportunities the results were very surprising as many respondents noted the limited awareness (35%) about the benefits of the CE whereas very few (19%) acknowledged that their staff members were aware of the potential benefits. To make use of these knowledge and skills, appropriate education should be provided to those businesses to create awareness on the opportunities that CE is able to provide. With regard to the benefits of CE (See Fig. 1 ), reducing waste generation was ranked first among the participants followed by sustainability strategy, competitive advantage, improved public relations, and new market opportunities. This finding suggests that companies expect to improve their efficiency and robustness of their manufacturing operations.
On the other hand, they generally refrain from penetrating into new markets, and prefer to focus on their main operations and show risk-averse attitude. Energy savings and environmental protection opportunities appeared to be the top factors promoting intention to implement CE in most organisations, which was followed by financial incentives and tax reduction. This is aligned with the findings of Xue et al. (2010) who suggested the same factor as the main driving forces behind developing CE. Interestingly, growing consumer awareness and pressure from public appeared as least important factor. Constantly increasing energy prices put companies in a tight spot. Additionally, the need for energy to turn natural resources into usable products is enormous. For these reasons, companies are becoming more intended to use renewable energy sources. Moreover, increasing regulations and legislations for environmental protections and public pressure complicate for companies to operate their businesses. CE application makes it easier to obey the rules and avoid from penalties and therefore, companies are becoming more willing to implement CE. When asked about the drivers that attract CE implementation waste reduction, sustainability, environmental protection and new ideas related to production emerged as key drivers (See Fig. 1 ).
Furthermore, questions on the social, economic, environmental, technological and legislative opportunities/benefits of CE were directed to the participants. The findings show that improved public environmental awareness is the main social expectation linked to CE, which was also supported by Geng et al. (2012) and Park et al. (2010) . CE requires the involvement of the public in the supply chains as well since it encourages the reuse of all products, even the ones which are at their end-of-life. For this reason, the contribution of conscious societies to CE is critical. Additionally, increased employment opportunities and better relationships between industry and public emerged as other major social benefits that CE provides. Economically, the main expectation arises as reduction on costs through sustainable supply chain and end-of-life managements. By the implementation of CE and its sustainable management practices, it is possible to reduce input prices, avoid from environmental penalties and minimise waste generation as suggested by Park et al. (2010) , Geng et al. (2012) and MacArthur (2013b) . From the There is a limited awareness about the benefits.
There a number of staff with adequate awareness.
The benefits are known by all staff . 
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environmental perspective, the increase in availability of green and environmentally friendly products and reduction in environmental pollution emerged as the main opportunities that CE as also found by Zhu & Tian (2016) . Increase in efficiency and productivity emerged as the main technological benefits of CE which is also supported by Young (2015) , Park et al. (2010 ), Geng et al. (2012 ) and MacArthur (2013b . By reuse and recycling applications in parallel to CE, efficiency and productivity can be improved which, in turn can enhance the profitability of businesses. From legislative point of view, having adequate laws to protect environment and health emerged as key benefits of CE implementation. Thereby, all businesses need to operate in accordance with the regulations to avoid paying penalties. Table 5 summaries the key findings by ranking the responses from the survey. Liu & Bai (2014) , etc. have also pointed out in their studies. Besides, the required up-front investment for advanced machinery, riskaverse profiles of management and lack of availability of experts on CE put barriers against the implementation of CE (See Fig. 2 ).
Participants were then asked about the CE barriers from the socio-economic, environmental, technological and legislative perspectives (See Fig. 3 ). The findings suggested that 41.4% of the participants stated the lack of public awareness and understanding of its principles as the main social barrier to CE. Literature also supports this as various researchers such as , Su et al. (2013) , Naustdalslid (2014), Winans et al. (2017) and Geng et al. (2009) align to this finding. From the economic barriers perspective, the unavailability of appropriate partners in supply chains emerged as key barrier followed by lack of financial support mechanism as noted in the study of CE as . From environmental barriers perspective, inadequate waste resource system emerged as key barrier which was followed by limited incentive to save energy, water and materials. As Li & Yu (2011) have mentioned, the existing systems are appropriate for linear economies and unable to satisfy the expectations of CE. Lack of advance technology and equipment and inadequate technical capabilities emerged as technical barriers. Finally, with regard to legal barriers, poor enforcement ability of legislations and lack of policy support emerged as a key barrier, which was followed by ineffective recycling policies and current tax regulations (See Fig. 3 ).
Conclusions
In conclusion, this study has managed to identify the key barriers and opportunities of CE in the manufacturing sector. In summary, the major socio-political barriers revealed to be low level of public awareness on CE and lack of understanding of its principles. The main economic barrier was seen as lack of appropriate partners in supply chains which restricts the collaboration between companies. From the environment point of view, inadequate waste resource system arose as the biggest challenge in front companies which limits the utilisation of recovered materials. On the other hand, the study also shows the opportunities of CE in terms of the same characteristics. Socio-politically, the main expectations are opening up new employment opportunities and strengthened relations between the society and industry. When it comes to economic opportunities, companies are fundamentally looking for reduction of costs through sustainable supply chains and end-of-life management. Eventually, the participants have shown their interest for environmental friendly green products and reduction in environmental pollution. Our study thus adds to the limited empirical literature on CE by providing a comprehensive review of CE barriers and opportunities in the manufacturing sector. The study looks at these barriers and opportunities from socio-political, economic, environmental and legal lens, thus adding valuable contribution to the CE literature from the theoretical perspective. The findings of the study also have managerial implications. It provides top managers, policy makers and researchers with better decision-making insights and a benchmarking base to increase the performance of their manufacturing companies. It acknowledges the degree to which UK and EU manufacturing companies have already adopted CE models; articulates some of the barriers that are preventing wider deployment of CE in manufacturing sector, and tries to find ways to address them. Furthermore, this paper highlights the role of the reuse of waste materials in manufacturing new products, which leads to minimising the resource consumption and reduction of negative environmental impacts. Our findings suggest that CE avoids hazardous and risky goods and materials ending up in landfills or in the oceans, seriously threatening life in the ecosystem. In addition, reuse of waste goods and materials enable the development of local business networks that generate new job opportunities and improve economic performance. The findings of this study will hence equip manufacturers with necessary understanding of the key barriers to address the challenges encountered during the implementation of CE. Findings show how they differ among different industries, sizes of companies and locations. The study highlights the opportunities they can utilise according to their specific strengths and barriers that they can mitigate saving their resources, reducing their costs and improving their profitability. In other words, the results of this research have the potential to add value to the implementation process of CE in every single company.
Like every research, this study has certain limitations. Our findings are based on a limited 63 responses from the survey. Hence future research studies should aim at large data samples to improve the generalisability of the findings. Moreover, quantitative data could be supported with expert opinions by conducting in-depth or semi-structured interviews. The findings of this study also just rely on descriptive analysis. Future research studies can hence use more complex statistical techniques to explore the relationship between barriers, opportunities and performance of manufacturing companies. Another limitation is related to data collection from the FAME database. The database only lists UK and Irish companies and study had to rely on 'LinkedIn' for other contacts in the EU region. This was partially limited due to the time constraints. Future research should therefore use other database to increase the sample size and have better representation of the EU region.
Finally, from a thematic perspective, the present study, and its findings leads to the
